Acetamiprid resistance in the diamondback moth (DBM) Plutella xylostella (L.) from cabbage fields of Iwaoka-cho, Kobe City, where acetamiprid is the primary insecticide for DBM control, was monitored from 1999-2001. The results showed only a slight change in the susceptibility of the population over the monitoring period, considering the LC 50 values and their corresponding resistance ratios (RRs). However, the LC 95 values showed a significant shift towards acetamiprid resistance, suggesting that the population could develop higher levels of resistance to the insecticide in the future. To retard the progress of acetamiprid resistance, growers rotate acetamiprid with other insecticides. We thus evaluated the efficacy of five other insecticides to identify efficacious products to be used with acetamiprid. Results indicated that the population was moderately resistant to esfenvalerate and phenthoate, and tolerant to cartap. The population was, however, susceptible to chlorfluazuron and a preparation of Bacillus thuringiensis (btk). Incorporating chlorfluazuron and btk into the resistance management tactic adopted in Iwaoka-cho is thus a sound option.
INTRODUCTION
The diamondback moth (DBM), Plutella xylostella (L.), is considered the most universally distributed of all Lepidoptera and the main insect pest of crucifers worldwide (Shelton, 2001 ). The insect's ability to develop resistance to insecticides and the phenomenon of cross-resistance has greatly reduced the efficacy of a broad range of insecticides (Miyata et al., 1986; Talekar and Shelton, 1993; Cheng and Kao, 1999) . The introduction of acetamiprid in Japan for DBM control in 1995 was therefore well received, as the insecticide possesses a novel mode of action (Matsuda and Takahashi, 1996; Yamamoto, 1996) .
Concerned that field populations of DBM could quickly develop resistance to acetamiprid as well, we evaluated the efficacy of the insecticide against four populations of DBM from three prefectures in Japan in 1999. We found that all the field populations were tolerant to acetamiprid (Ninsin et al., 2000) . Although acetamiprid was still effective in controlling the DBM, the importance of monitoring to resistance management (Roush and Miller, 1986; Saito et al., 1995; Sinchaisri et al., 1995) prompted us to maintain yearly monitoring, over a three-year period, to detect changes in the efficacy of acetamiprid to DBM from cabbage fields in Iwaoka-cho, Kobe City, where acetamiprid 2% G has been the primary insecticide for DBM control since 1996. To retard the progress of resistance, the rotational use of insecticides with no cross-resistance is important . However, the lack of cross-resistance knowledge on acetamipridresistance prompts the Hyogo Prefecture Agricultural Institute to recommend the rotational use of effective products when there is the need to use insecticides (Kono, 1999) . We therefore evaluated the efficacy of five other insecticides of different chemistries against the DBM from Iwaoka-cho, with the hope of identifying products that could be incorporated into the resistance management tactic recommended by the Institute. though the DBM is prevalent from early spring to late autumn, the insect is more abundant from June to August (Sakai, 1986) . About 300 larvae and pupae were collected each time. Insects were brought to the laboratory and reared, as previously reported (Ninsin et al., 2000) , at 25Ϯ1°C and 50%RH, under 16L : 8D photoperiod. Moths were fed on 5% honey solution, and larvae on 2-3 dayold radish (Raphanus sativus var. Osaka 40 nichi) seedlings. Bioassays for monitoring acetamiprid resistance were conducted by the second generation and for the efficacy of other insecticides by the third generation. The reference Osaka susceptible strain (OSS), which has not been exposed to any insecticide after field collection in 1969 (Noppun et al., 1983) , was used for comparison.
Insecticides. Bioassay. The leaf-dipping method previously reported (Ninsin et al., 2000) was used. Cabbage, Brassica oleracea var. capitata subvar. Chuseikanran, leaves measuring 5 cmϫ5 cm were dipped for ten seconds in insecticide solutions. Control test cabbage leaves were dipped in distilled water containing only the spreading agent. The treated leaves were allowed to air-dry at 25°C. Each leaf was then put into a 200 ml plastic cup padded with a slightly moistened 70 mm filter paper No. 2 (Advantec ® , Toyo Roshi Kaisha Limited). Ten 12 to 24-h-old third stadium larvae were introduced into each cup. A minimum of six concentrations was prepared for each insecticide, and four replicates for every concentration and control. Mortality was recorded at 72 h for acetamiprid, cartap, phenthoate and esfenvalerate. In the case of btk and chlorfluazuron, mortality was recorded at 96 and 168 h after treatment, respectively (Fahmy et al., 1991) . Larvae and pupae that did not respond to pencil tip prodding were considered dead. The data obtained was analyzed by probit analysis (Finney, 1971 ) with a personal computer. When LC values were compared, we considered significant difference when their corresponding 95% CL value did not overlap.
RESULTS AND DISCUSSION
The results for monitoring acetamiprid-resistance indicate that the Kobe population's tolerance to acetamiprid changed only slightly over the three years, considering the LC 50 values and their corresponding RRs (Table 1 ). Since 1996, acetamiprid 2% G has been the primary insecticide for DBM control in Iwaoka-cho, where the insecticide is used once every growing season, at transplanting (Ninsin et al., 2000) . Used in this way, acetamiprid 2% G gives lasting protection to cabbage plants from DBM damage because of the insecticide's controlled release formulation (Takahashi et al., 1998a (Takahashi et al., , 1999 , which allows the compound to be present in the cabbage plant for an extended period. Although under such conditions all larval stages of the DBM are exposed to acetamiprid for a long time, thereby giving a greater selection pressure which is expected to generate high levels of resistance in the DBM (Taylor and Georghiou, 1982) , acetamiprid is still an effective insecticide for the DBM control in Iwaoka-cho as indicated by the LC 50 values.
In spite of the fact that acetamiprid is still effective against the DBM, Roush and Miller (1986) pointed out that since the frequency of resistant individuals must be fairly high before the standard LC 50 is appreciably changed, the LC 95 or slope of the concentration-mortality line better indicates resistance in an early stage of development. The LC 95 values we recorded over the three years show highly significant changes in the susceptibility of the population to acetamiprid (Table 1 ). An LC 95 value of 1,210 (681-1,720) ppm was recorded in 1999, and 5,400 (2,550-8,460) ppm in 2001. These translate into RRs of 8.9 and 21.0 respectively, and clearly indicate a shift towards acetamiprid resistance, strongly suggesting that the DBM could develop higher levels of resistance to the insecticide in the future. Acetamiprid-resistance conferring genes are therefore being selected for, and are gradually increasing in frequency within the population.
When we evaluated the efficacy of the five other insecticides against KOB III (the population collected in 2001), the results showed a variation in their response to the insecticides and an emerging multiple resistant population. The population was moderately resistant to esfenvalerate (Table 2) . Although esfenvalerate (Sumialpha ® ) is not registered for DBM control in Japan, resistance to the compound is present in the KOB III population because esfenvalerate is selecting resistance conferring genes in the population as a constituent of fenvalerate in the insecticide mixture fenvalerate · malathion (10%ϩ30%)WP. The KOB III population was also tolerant to cartap (Table 2) because growers in Iwaoka-cho continue to use the compound for DBM control. Although phenthoate is registered for DBM control in Japan, the insecticide is presently not recommended in Iwaoka-cho. Phenthoate is, however, recommended for the control of the cabbage webworm, Hellula undalis (Fabricius) in Iwaoka-cho. When phenthoate is used to control the cabbage webworm, though the DBM is not the target pest, the insect is obviously subjected to selection for resistance with the insecticide, a likely reason for the moderate resistance to phenthoate recorded for the KOB III population (Table 2) . A contributory factor to the decreased susceptibility of the population to esfenvalerate and cartap may also be due to the use of fenvalerate · malathion and cartap to control the cabbage armyworm, Mamestra brassicae L., (Sakai, 1986) , against which acetamiprid has poor activity (Takahashi et al., 1998b) , thereby indirectly subjecting the DBM population to selection for resistance. The possible role of cross-resistance in the decreased susceptibility of the KOB III population cannot be ignored, as phenthoate-and fenvalerateresistant DBM are tolerant to cartap and phenthoate, respectively (Noppun et al., 1987 (Noppun et al., , 1989 .
The KOB III population was however completely susceptible to chlorfluazuron and btk (Table  2) , as the insecticides have not been used for several years in Iwaoka-cho (Kono, 1999) . It is therefore conceivable to incorporate these insecticides into the DBM management strategy in Iwaoka-cho. Since the DBM could quickly develop resistance to both insecticides (Tabashnik et al., 1990; Fahmy et al., 1991; Kobayashi et al., 1992; Shelton et al., 1993), and it is important to carry out routine monitoring to detect changes in susceptibility. Fenvalerate · malathion and cartap could be reused for DBM management in Iwaoka-cho following a brief period of withdrawal, because the susceptibility of the DBM increases in the absence of the insecticides (Kono, 1999) .
In conclusion, although monitoring the development of acetamiprid-resistance in the Kobe population has indicated resistance development at the LC 95 level, acetamiprid 2% G remains an effective insecticide for DBM management after six years of use in Iwaoka-cho, as evidenced by the LC 50 RR. 
